It is timely that a special issue focusing on human papillomavirus (HPV) be published, bringing together expertise in an area where rapid gains have been made recently, particularly in Australia. In fact, the observation for linking a sexually transmitted agent to cervical cancer began hundreds of years ago, when it was realised that Catholic nuns rarely suffered from this disease. 1, 2 Subsequently, around 30 years ago now, and with the tools of molecular biology and sophisticated molecular epidemiological methods, oncogenic genotypes of HPV were proven to be the causative agent of cervical cancer. 3 Although HPV remains uncultivatable by traditional viral culture techniques, it is the first pathogen to be recognised as the causative agent in virtually 100% of cases of any solid cancer. Recognition for this discovery resulted in Professor Harold zur Hausen being awarded the Nobel Prize in Physiology or Medicine 2008, bringing the idea that there could be effective vaccines against a cancer into the global public arena worldwide. 4 More specifically, worldwide it has been shown that of the 200 HPV genotypes, types 16 and 18, are more virulent than other HPVs consistently causing around 70% of all cervical cancers, as also reported for Australia. [5] [6] [7] Many Australian researchers have been instrumental in the development of this knowledge, which has resulted in successful cervical cancer vaccines. Colin Laverty with his team working at the time in the Gynaecological Histopathology Department at the King George V Hospital, Sydney, was one of the first groups to recognise and report the association with HPV and cervical dysplastic changes cytologically. 8 Utilising electron microscopy, they were able to show HPV morphology in koilocytotic cells (Fig. 1) . 9 In the early 1990s, it was discovered that, when the HPV late protein gene (L1 gene) (which encodes for the outer viral capsid) is expressed in a vector system, that it self-assembles and produces empty viral capsids -so-called 'virus-like particles' (VLPs). VLPs are not infectious and have no oncogenic potential given that they do not contain any DNA (Fig. 2) . These VLPs, which mimic the native infectious virions and virtually 'trick the immune system' into producing neutralising antibodies, have underpinned the successful development of the first generation of prophylactic HPV vaccines. This work was led by Zhou and Fraser in Queensland, 10, 11 together with others. 12, 13 Moreover, recognition for this work by Zhou and Frazer led to Fraser being awarded Australian of the year in 2006 (sadly occurring post-humorous for Zhou) and certainly put HPV into the public arena, particularly in Australia.
Currently licenced in more than a hundred countries, are a bivalent (contains VLPs of 16, 18 and marketed as Cervarix ® manufactured by GlaxoSmithKline, Uxbridge, UK), as well as a quadrivalent vaccine (contains VLPs of 6, 11, 16, 18 and marketed as Gardasil ® by Merck, New Jersey, USA and CSL), both of which have been shown to be efficacious against precancerous lesions (as surrogates to cancer), as well as against persistent infection with the vaccine-related HPV types in those previously naive to these genotypes. [14] [15] [16] Australia has contributed to the phase 3 clinical trials of both the quadrivalent 16 and the bivalent vaccine. 14, 17 Australia is also one of the few countries worldwide to be in a position to comprehensively measure vaccine effectiveness, given baseline HPV genotype prevalence pre-vaccination, highquality cervical cytology registries, cancer registries and the newly developed National HPV Vaccination Program Register. The latter register will be valuable in measuring vaccination coverage, allowing for monitoring the performance of vaccine delivery programs. Linkage of the vaccination register with both cervical cytology and cancer registers will provide comprehensive information about vaccine effectiveness in the population. At the time of going to press, official release of the HPV vaccination coverage achieved in Australia's catch up program was pending and these statistics will be published as soon as available. 18 It will be particularly important to measure coverage for indigenous populations, given that the incidence and mortality rates for cervical cancer in indigenous women are around two and four times that of their non-indigenous counterparts, respectively. 19 In addition, ongoing research projects in Australia will tell us about potential vaccine replacement and cross protection for HPV genotypes not currently in the first generation vaccines. 20 This issue, we have asked authors to highlight their research and experiences relevant to HPV from vaccine manufacture, 11 through evaluation of HPV related disease burden, screening and treatment to vaccine rollout and impact evaluation. In the Australian setting, where a comprehensive, government funded, school-based program has achieved good coverage, the disease with the shortest incubation, genital warts have already shown significant reductions in women younger than 27 years, as well as herd immunity in young heterosexual males. [21] [22] [23] Hence in Australia we are already starting to witness and document a reduction in HPV disease burden as other countries begin to travel down the same path of instituting prophylactic HPV vaccines into their public health programs. In addition, with the recognition that a proportion of various other cancers are HPV related, there is the potential ultimately of a reduction in anal cancers, 24 recurrent respiratory papillomatosis, 25 and HPV related oropharyngeal cancers. Hence the issue of vaccination of boys is raised. In some cultures, this would take the stigma away from 'a female considered disease', and would also address the issue of equity in the prevention of the non-cervical HPV related disease burden.
Although both vaccines have been licenced in over a hundred countries worldwide, as yet relatively few countries have government funded public health programs, as in Australia, Canada and the UK. 26 Globally, challenges include affordable prices, endorsement by governments and policy makers at all levels, as well as appropriate infrastructure for delivery to the target populations, particularly in those countries with the greatest burden of disease. However, as has been shown in demonstration projects by PATH in Vietnam, with appropriate communication and taking into account appropriate cultural issues, as well as good advocacy, high rates of coverage can be achieved. 27 Some countries battle with introduction of an appropriate cervical screening program believing that this is required before a vaccination program can be considered. However, with rapid cheaper HPV DNA tests imminent, a possible future strategy could be to screen mothers with an HPV test concurrent with vaccination of their daughters. 26 Moreover, as the current generation of vaccines provide protection only against the two major oncogenic HPV (16 and 18 causing 70 to 75% of cancers), well organised and integrated cervical screening programs are still required together with vaccination. A review of current cervical screening strategies will be necessary in the post-vaccination era.
Given the high uptake of vaccination in our community, it is likely that the age of commencement of screening, as well as the interval, can be safely increased. 28 In the future, polyvalent vaccines with a wider range of HPV type protection or more broadly reactive products are anticipated. 26 In conclusion, borrowing from the words of Elias A. Zerhouni, Director, US National Institutes of Health, 'It is the responsibility of those of us involved in today's biomedical research enterprise to translate the remarkable scientific innovations we are witnessing into health gains for the nation'. 29 It is an imperative that we all work together for the common goal of the poorest nations worldwide gaining access to these vaccines to reduce the burden of disease from the leading cancer in women in their societies. C. Laverty 
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